Vaccination of young broilers against experimental O. rhinotracheale challenge was found to be effective but the results of vaccination were influenced in a negative way by the presence of maternal antibodies. The use of a strong adjuvant, such as mineral-oil, in a bacterin was necessary to obtain good protection when maternal antibodies were present.
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SUMMARY
Vaccination of young broilers against experimental O. rhinotracheale challenge was found to be effective but the results of vaccination were influenced in a negative way by the presence of maternal antibodies. The use of a strong adjuvant, such as mineral-oil, in a bacterin was necessary to obtain good protection when maternal antibodies were present.
Vaccination of broiler-breeders resulted into high serological responses and protection of their progeny against experimental O. rhinotracheale challenge up to an age of 4 weeks.
Vaccination of broilers with a live vaccine was found to be effective when the maternal antibody-levels were low. A combination of vaccinating the breeders with a bacterin and their progeny with a live vaccine at approx. 3 weeks of age seems to be the best way to protect broilers against O. rhinotracheale infection.
INTRODUCTION
Ornithobacterium rhinotracheale is found to be able to cause respiratory disease in turkeys and chickens (1, 2, 3, 6, 7, 8, 9, 10, 11, 12) . Clinically the isolation of O. rhinotracheale could be connected to weakness, gasping, severe dyspnoea, mucus discharge, weight-gain losses and increased mortality rates. Dissection of diseased birds showed fibrinopurulent, often unilateral, pneumonia and fibrinous inflammation of the air sacs (11) . Up to now 7 different serotypes, designated A -G, were reported (14) but recently 2 more serotypes were found, serotypes H and I (own observation, not published). The most predominant serotype is type A. In chickens, more than 95 % of the isolates are found to be of serotype A (14) .
Experimentally the disease could be evoked by aerosol administration of O. rhinotracheale, but only as a secondary infection after the administration of primers. As viral primers Turkey rhinotracheitis virus and Newcastle Disease virus (ND) can be used for turkeys while ND and Infectious Bronchitis virus can be used for chickens (13) . Also Escherichia coli (5) and Bordetella avium (4) were found to have a triggering effect on O. rhinotracheale infections.
In this study we investigated the influence of vaccination on experimental O. rhinotracheale infections in broiler chickens, using serotype A vaccines. Normally broilers only will come in hand at one day of age so vaccinations with inactivated vaccine were performed on one-day-old birds. Because maternal antibodies regularly were found in the field (14) , the influence of these antibodies on vaccine efficacy was investigated by comparing vaccination results in one-day-old commercial broilers (with maternal antibodies) with the vaccination results in older SPF (= special pathogen free) birds (without antibodies at time of vaccination). Also it was investigated if vaccination of broiler-breeders will induce protection in their progeny against experimental O. rhinotracheale challenge. Finally, the feasibility of live vaccination was investigated in young broilers.
MATERIALS AND METHODS
Bacterial strains. The O. rhinotracheale serotype A strains used for this study were strain B3263/91 (isolated out of a diseased broiler chicken in South Africa by J.H. duPreez) and strain BAC 96-0034 (isolated out of a broiler chicken in Delaware, USA by E. Odor; originally designated as 95-1339). For the live vaccine, strain B3263/91 was passed in vitro 35 times (B3263/91/35). The strains were maintained lyophilized at -20°C. Bacteria were grown at 37°C on sheepbloodagar plates in a 5-10% CO 2 atmosphere or in Todd Hewitt broth (THB) at 37°C.
Vaccines. Inactivated vaccines were bacterins, produced from strain B3263/91, with 3 different adjuvants (mineral-oil, corn-oil or saponin), containing ± 1 x 10 9 cells per dose. Vaccinations were performed by injecting 0.25 ml subcutaneously in the neck. For live vaccinations, 100 ml of THB-cultures of O. rhinotracheale strain B3263/91/35, containing between 1 x 10 8 and 1 x 10 9 colony forming units (CFU) per ml, were administered as a fine spray to the birds in an isolater of ± 1.5 m 3 , using a commercial paint sprayer. The developed mist in the isolaters was maintained for at least 10 min. with the air circulation closed.
Experimental animals. Chickens used were commercial broiler-breeders and broilers or special pathogen free (SPF) white leghorns. The broilers and SPF leghorns did arrive as embryonated eggs and were housed in isolaters immediately after hatch. The broilerbreeders were purchased at an age of 11 weeks. Food (Hendrix, Boxmeer, the Netherlands) and water were given ad libitum to the broilers and SPF leghorns but on ratio to the broiler-breeders. The broilers and SPF leghorns did not receive any other vaccination or treatment during the experiments. The broiler-breeders were vaccinated according to the schedule of the supplier.
Challenge. O. rhinotracheale challenge was performed as described before (13). Briefly : Five or six days before the O.rhinotracheale challenge the chickens were treated with a coarse spray of a culture of a lentogenic ND virus, strain LaSota, containing at least 10 6 median egg infective doses per bird. Aerosol O. rhinotracheale challenges were performed with THB cultures of strain BAC 96-0034, containing between 1 x 10 8 and 1 x 10 9 CFU per ml, which were given as an aerosol in the same way as the live vaccine was applied.
Parameters of infection. Post-mortem investigations were performed 7 days post challenge and lesions were scored. Airsacculitis was scored for the thoracic and the abdominal airsacs separately. The thoracic airsacs were scored : 0 = no abnormalities, 1 = one airsac seriously affected by fibrinous airsacculitis or limited pinhead-sized foci of fibrinous exudate in both air sacs, 2 = both air sacs seriously affected by fibrinous airsacculitis. The abdominal air sacs were scored : 0 = no abnormalities, 1 = pinheadsized foci of fibrinous exudate or slight diffuse airsacculitis, 2 = severe fibrinous airsacculitis. The airsacculitis score is given as the sum of both scores. Pneumonia was scored : 0 = no abnormalities, 1 = unilateral pneumonia, 2 = bilateral pneumonia. The average group-scores are given as a percentage of the maximal possible score. Statistical analysis was performed using the Kruskal-Wallis test.
Serology. Bloodsamples were tested in an enzyme-linked immunosorbent assay (ELISA) against antigens of O. rhinotracheale strain B3263/91 as previously described (14) . All sera were prediluted 1:16. Statistical analysis was performed using the Studentst test.
EXPERIMENTAL DESIGN Experiment 1. Ten one-day-old broilers per group were vaccinated with one of the 3 different bacterins. ND was administered at 21 days of age, O.rhinotracheale-challenge was performed at 26 days of age and post-mortem investigation was performed at 33 days of age. Ten, not vaccinated, birds per group were used as negative controls, controls for ND administration or challenge controls. Experiment 2. Ten SPF leghorns per group were vaccinated at an age of 21 days with one of the 3 different bacterins. In this experiment it was chosen to use 3-weeks-old SPF birds to minimilize the chance of the presence of antibodies at time of vaccination. ND was administered at 42 days of age, O.rhinotracheale challenge was performed at 48 days of age and post-mortem investigation was performed at 56 days of age. Ten, not vaccinated, birds per group were used as negative controls, controls for ND administration or challenge controls. Experiment 3. At 12 and 18 weeks of age, 25 broiler-breeders were vaccinated with the bacterin in mineral-oil-adjuvant and 25 broiler-breeders were kept as not vaccinated controls. At the age of 32 and 37 weeks from both groups of broiler-breeders embryonated eggs were collected and broilers were hatched. From all groups 10 broilers were treated with ND at 9 days of age, challenged with O. rhinotracheale at 15 days of age and postmortem investigations were performed at 22 days of age. From the not vaccinated breeder group, 10 broilers were used as negative controls and 10 broilers were used as controls for ND administration. From both breeder groups 10 broilers, hatched out of eggs layed at a breeder-age of 37 weeks, were treated with ND LaSota at 24 days of age, challenged with O. rhinotracheale at 30 days of age and post-mortem investigations were performed at 37 days of age. From the not vaccinated breeder group, 10 broilers were used as negative controls and 10 broilers were used as controls for ND administration. Experiment 4. Seventeen one-day-old, 19 seven-days-old and 20 fourteen-days-old broilers were vaccinated with live vaccine. Seventeen one-day-old, 21 seven-days-old and 15 fourteen-days-old broilers from the same hatches were kept as not vaccinated controls. Seven days post vaccination, 5 birds from each group were sacrificed and a post-mortem investigation was performed to see if any pathology was induced by the vaccination. To the remaining birds ND was administered 7 days post vaccination, O. rhinotracheale challenge was performed 14 days post vaccination. Post-mortem investigation was performed 21 days post vaccination.
RESULTS
Experiment 1.
The results of this experiment are listed in Table 1 . The average ELISA titre (in 2 log) against O. rhinotracheale serotype A in the blood of the oneday-old broilers, used in this experiment, was 8.9 (± 1.0). Good protection and a moderate serological response was measured in the birds vaccinated with the bacterin in mineral-oil-adjuvant. The bacterin in saponin-adjuvant induced a low protection and a minimal serological response, whereas the bacterin in corn-oil-adjuvant hardly showed any response or protection. Table 2 . No antibodies were detected in the blood of the 21 days old SPF leghorns, used in this experiment. Good protection and a very high serological response was measured in the birds vaccinated with the bacterin in mineral-oil-adjuvant. The bacterin in saponin-adjuvant induced a significant decrease of lesions and a moderate serological response, whereas the bacterin in corn-oil-adjuvant showed the lowest response or protection. Experiment 3. The average serological responses after vaccination of the broilerbreeders against O. rhinotracheale serotype A, which declined slightly but remained rather stable during the course of this experiment, are shown in Figure 1 . The kinetics of antibody titres in the hatched broilers are shown in Figure 2 . The challenge results of the broilers are listed in Table 3 . Moderate levels of antibodies against O. rhinotracheale serotype A were measured in the breeders at time of vaccination (average titre of 9.7 ± 1.2). The first vaccination already boosted the serological responses to very high levels, which did not increase after the second vaccination (Fig. 1) . Vaccination of broiler-breeders with a bacterin in mineral-oil-adjuvant did induce enough maternal antibodies in their progeny to give good protection against challenge with O. rhinotracheale at 14 days of age and still a significant protection at 30 days of age (Table 3) . Table 4 . Maternal antibodies were measured at one day of age. Live vaccination of one-day-old broilers did not induce a significant protection against experimental O. rhinotracheale infection and the serological response was low and not significant. Vaccination at 7 days of age induced a significant protection and serological response. A very good protection was obtained by the vaccination at 14 days of age.
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DISCUSSION
In the experiment in which one-day-old broilers were vaccinated and where moderate antibody titres were found at time of vaccination, the vaccine in mineraloil-adjuvant was the only vaccine able to induce good protection. This in spite of the low to moderate serological response at time of challenge. The same vaccine was able to induce good protection and very high antibody titres, when used in birds whithout antibodies at time of vaccination, as proven in the experiment with 3-weeksold SPF leghorns. As compared with the mineral-oil vaccine, poor protection was induced by the corn-oil and saponin based vaccines but it appeared that these vaccines performed relatively better in leghorns without antibodies at time of vaccination than in broilers in which antibodies were present at time of vaccination. Furthermore, the results with the live vaccine showed that serological and protective responses increased with age at vaccination and with decrease of maternal antibody levels at time of vaccination. These results might indicate that maternal antibodies have a negative influence on vaccine efficacy of non-mineral-oil vaccines, although at present also a difference in immunocompetence between the chickens used in the various experiments can not be excluded.
Only the mineral-oil-adjuvant was found to give a good protection in young birds even when maternal antibodies were present. However, a disadvantage of vaccinating one-day-old birds with bacterins in mineral-oil-adjuvants is that the vaccination on its own can have a negative effect on the performance of the birds and induce local tissue reactions. Out of these findings one can conclude that vaccination of one-dayold broilers in the field, where maternal antibodies are widespread and therefore a mineral-oil-adjuvant will be needed, only will be considered in case of emergency. This means that another strategy should be followed to prevent O. rhinotracheale infections in broilers.
In the vaccination experiment of broiler-breeders it was found that the bacterin in mineral-oil-adjuvant induced high and longstanding responses in the broiler-breeders. The serological response at the start of the experiment, the strong serological response after the first vaccination and the lack of booster effect after the second vaccination support the idea that most probably the flock already had been in contact with O. rhinotracheale. If so, it means that the first vaccination already reacted as a booster on the former infection, indicating that two vaccinations will be needed in breeders that had not been in contact with O. rhinotracheale before the vaccination. The vaccinations induced high levels of maternal antibodies in the progeny resulting in good protection against experimental challenge of the hatched broilers at an age up to 30 days of age. However, protection decreased with increasing age of the broilers, since protection at 15 days was better than protection at 30 days of age. As mentioned before, the efficacy of live vaccination of broilers increased with the age at time of vaccination. Therefore, the most practical approach in combating O. rhinotracheale infections in broilers seems to be breeder vaccination with an inactivated vaccine combined with live vaccination of broilers at 2-3 weeks of age. However, the efficacy of live vaccination of broilers hatched from vaccinated breeders still needs to be determined.
